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TITLE 

VESSEL FOR PERFORMING MICROWAVE-ASSISTED 
CHEMISTRY ON SMALL VOLUMES OF REAGENTS. 

FIELD OF THE INVENTION 

The present invention relates to a vial assembly, and more specifically to a sealed 
micro vial assembly for performing microwave-assisted chemical reactions on small 
reaction mixture volumes. The invention also refers to a system for performing mi- 
crowave-assisted chemical reactions on small reaction mixture volumes contained 
in the micro vial assembly, and to the use of the micro vial assembly and system for 
performing microwave-assisted organic synthesis reactions. 

BACKGROUND AND PRIOR ART 

The expression "microwave-assisted chemical reactions" as used herein refers to 
processes utilizing microwaves to initiate or accelerate chemical reactions. Micro- 
wave-assisted chemistry is used for heating materials in a variety of chemical proc- 
esses, the microwaves interacting directly with the materials including water and a 
number of organic liquids to cause molecular action and generate heat. Accord- 
ingly, microwave-assisted techniques have been developed both for analytic and 
synthetic processes. The equipment used for performing microwave-assisted chem- 
istry conventionally includes an apparatus having a cavity into which microwaves 
are guided from a microwave source, typically a magnetron. A vessel, containing the 
reactants, is introduced in the cavity and positioned for exposure to the micro- 
waves. In some appliances, the vessel is a sealed container in which a reaction can 
proceed under conditions of both elevated temperature and elevated pressure. The 
vessel, and the apparatus for exposing the reaction mixture in the vessel to micro- 
waves, provide the basic components in a system for performing microwave-assisted 
chemical reactions. In commercial practice, the system additionally comprises 
means for vessel transport to and from the cavity, means for dispensing solvent and 
reactants to the vessel, detection means, power and control means, and a rack for 
parking the vessel outside the cavity. 

A commercially available reaction vessel in a system for performing microwave- 
assisted chemical reactions is diagrammatically shown in Figure 1 of the drawings, 
attached hereto. This known reaction vessel comprises the well known shape of a 
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test tube, having a penetrable septum capped over the open end of the tube. The 
tul^ diainSeiF isTdimensioned to fit with otheF cbmporierits of th^sjretem" such as 
the cavity entrance, gripper means and a parking rack . The vessel has a reaction 
chamber dimensioned for containment of reaction mixture volumes commonly 
processed in the system. 

In this context, the expression "small reaction mixture volumes" refers to reaction 
mixture volumes in a micro liter range, such as volumes down to 500 ^1 or less, for 
example 1-500 jil, preferably 100-500 jliL Specific problems need to be addressed 
when designing a reaction vessel for performing microwave-assisted chemistry on 
small volumes contained in the vessel. For example, the geometry in a top portion of 
the vessel should be designed to facilitate reflux/re-flow of fluid; the inner diameter 
of the vessel should be large enough to avoid formation of meniscus of fluid that 
would be unable to flow back from the top of the vessel; the container volume that 
is not occupied by the reaction mixture, or head space, should be related to the 
volume of reactants to avoid exaggerated vaporization at operative pressures and 
temperatures; in spite of reduced containment dimensions, the vessel exterior must 
match the cavity entrance diameter and the transporting gripper means, as well as 
parking racks, and the vessel must be able to position the reaction mixture for dis- 
pensing of reactants and/or solvents, for microwave exposure, and for detection. 

The present invention aims to solve these and other problems encountered when 
performing microwave-assisted chemical reactions on small volumes. 

A first object of the invention is therefore to provide a micro vial assembly that al- 
lows microwave- assisted chemistry to be performed on small volumes. 

Another object is to provide a micro vial assembly for performing microwave- 
assisted chemistry on small volumes, adapted for cooperation with external equip- 
ment designed for microwave- assisted chemistry on a larger scale. 

Still another object is to provide a micro vial assembly for performing microwave- 
assisted chemistry on small volumes, designed to ensure comparative temperature 
and pressure detection results. 
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Yet another object is, to provide a system that allows microwave-assisted chemistry 
to be performed on small volumes by incorporating the micro vial assembly of the 
invention. 

These and other objects and aims are met in a micro vial assembly and a system 
according to the appended claims. 

SUMMARY OF THE INVENTION 

Briefly, the present invention provides a micro vial assembly for performing micro- 
wave-assisted chemical reactions on small volumes, wherein a reaction vessel is 
sealed by means of a sealing diaphragm that is capped over an open end of the re- 
action vessel. The reaction vessel mouths in an end plane of a sleeve surrounding 
the reaction vessel, the diaphragm being clamped to the end plane through a cap 
engaging an outer boundary of the sleeve. The sleeve provides a radial extension of 
the reaction vessel in order to bridge the radial distance between a wall of the reac- 
tion vessel and other components in a system for performing microwave-assisted 
chemical reactions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The micro vial assembly and system are further described below with reference to 
the attached drawings. In the drawings, 

Fig. 1 is a diagrammatic representation of a system for performing microwave- 
assisted chemical reactions, and a prior art reaction vessel adapted to the system; 

Fig. 2 shows an embodiment of the new micro vial assembly in an exploded per- 
spective view; 

Fig. 3 is a longitudinal section through the micro vial assembly according to one 
embodiment of the present invention; 

Fig: 4 "is a longitudinal section through a sleeve of a preferred embodiment, and 

Fig. 5 is an enlarged partial section showing the upper end of the new micro vial 
assembly. 
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DETAILED DESCRIPTIONS THE DRAWINGS 

Tl^lireseiitinw^ more fuUydescfibed Below, modifications thereto suc- 

cessively outlined as the disclosure proceeds. 

With reference to Fig 1, a system for performing microwave-assisted chemical reac- 
tions typically comprises an apparatus formed with a cavity 1, here shown with a 
prior art reaction vessel 2 being inserted and vertically positioned for exposure to 
microwaves from a microwave source (not shown). In the inserted position, the reac- 
tion vessel 2 is located within the operative detection area of a detecting means, 
such as an infrared light (IR) sensor 3. The reaction vessel 2 has an outer diameter 
adapted to a diameter D of an entrance to the cavity. The entrance is here repre- 
sented by an insertion guide 4, determining the diameter D through its inner ra- 
dius. Though not shown in the drawing, a gripper means for vessel transport to and 
from the cavity, as well as a rack for parking the vessel outside the cavity are like- 
wise engineered to operate with the diameter D. 

Fig. 2 illustrates an embodiment of the new micro vial assembly for performing mi- 
crowave-assisted chemical reactions on small volumes in a system substantially as 
mentioned above. The assembly according to the invention comprises a reaction 
vessel 10, a sleeve member 20, a sealing diaphragm 30 and a cap member 40 as its 
main components. 

The reaction vessel 10 has an open upper end and a closed bottom end, and an in- 
ner volume 11 (Fig. 3) forming a reaction chamber which is designed in respect of 
the small volumes to be contained therein for chemical reactions initiated or accel- 
erated by microwaves. In most cases the reaction vessel 10 preferably is a circular 
cylinder, however, other cylinders having rounded or polygonal sections may like- 
wise be applied to take advantage of the invention disclosed herein. Accordingly, an 
inner diameter d of reaction vessel 10 is dimensioned to permit effective microwave 
absorption by the reactants and solvents in the vessel, and to avoid formation of 
meniscus of fluid that would stick to the wall of reaction vessel 10 and be hindered 
to" flow back from the top of the - vessel. As a non-limiting example, the reaction ves^ 
sel 10 may have an inner diameter d in the range of a few millimeters, such as 3-5 
mm, or as preferred not less than 3.5 mm. 



WO 2004/054706 



Page 7 of 1 7 



WO 2004/054706 PCT/SE2003/001996 

5 

The volume that is not occupied by solvent and reactants contained in the reaction 
vessel 10,T.e. the headspace volume of reaction vessel lO^is dimensioned in rela- 
tion to the smallest reaction mixture volume to be handled in order to avoid exag- 
gerated vaporization at operative pressures and temperatures. As a guidance, the 
head space volume preferably should be less than 20 times the smallest volume 
processed in the reaction vessel 10. The bottom of reaction vessel 10 may have any 
preferred shape such as flat, conical, rounded, etc. The axial length 1 of the inner 
cavity of reaction vessel 10 may be determined through a radial compression 12, 
forming a closed end above the terminal end 13 of the reaction vessel as illustrated 
in Figs. 2 and 3 in order to position the reagents contained therein for energy expo- 
sure and detection. 

The geometry in the upper end of reaction vessel 10 is determined in order to facili- 
tate reflux of liquid and to minimize the risk of solvent and/ or reaction mixture 
sticking to the inner surface of the reaction vessel. Most preferred, the top portion 
of reaction vessel 10 is formed with increasing radius towards the open end, form- 
ing a widening mouth 14. For example, the mouth 14 may be conical or may alter- 
natively have a progressively increasing radius forming a flared cone (not shown) in 
the upper end of reaction vessel 10. In all alternatives, the inner wall of reaction 
vessel 10 connects to the mouth of increased radius through a continuous transi- 
tion region 15. The mouth 14 has a flange or rim 16, defining the opening in the 
upper end of reaction vessel 10 and contemplated for a sealed engagement with the 
diaphragm 30 as will be farther discussed below with reference to Fig. 5. 

The sleeve member 20 is a cylinder having a through hole and an outer perimeter 
corresponding to the diameter D, running from an upper end plane 21 towards a 
bottom end 22, the bottom end being chamfered or formed with a radius 23. 

In a preferred embodiment, see Fig. 4, the upper end of the sleeve is formed circum- 
ferentially for engagement with a cap as explained below, the sleeve having a first 
diameter portion Di running from the upper end to meet a reduced diameter portion 
D2 iii a lower end of the sleeve. The portion of reduced diameter D2 preferably is 
shaped as a truncated cone, and facilitates the insertion of the micro vial assembly 
into a parking rack or into the microwave cavity of the system, etc. 
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A recess is formed in the end plane of the sleeve, providing a seat 24 that is corre- 
spondingly shaped tcTreceive and supporfthe top portion of increased radius of re- 
action vessel 10. In the supported position, the reaction vessel 10 extends axially 
through the sleeve 20, the sleeve providing a radial extension of the reaction vessel 
in concentric relation about the vessel to bridge the radial distance between the wall 
of reaction vessel 10 and the operative diameter D of the system. 

The axial length of the sleeve 20 is determined with respect to conditions set by the 
system, such as the structure of parking racks, gripper means, and microwave cav- 
ity specifications. Typically, the sleeve terminates above the portion of reaction ves- 
sel 10 that is exposed to microwaves and detection. 

The upper end of the sleeve 20 is formed with a thread, a groove or other formation, 
such as a flange 25, for engagement with and for securing the cap member 40 to 
the sleeve 20. 

The cap 40 is formed with a through hole 41 that is positioned to match the mouth 
14 of reaction vessel 10 in the assembled relation. The cap advantageously is a 
metal element that is secured about the perimeter of the sleeve 20, reaching over 
the outer boundary of the end plane 21. In the illustrated embodi m ent, the cap 40 
is crimped for a firm engagement with the lower side of the flange 25. Alternatively, 
a modified cap may be secured to the sleeve by a threaded engagement, or by glu- 
ing, e.g. 

The sealing diaphragm 30 is clamped between the cap 40 and the end plane 21 of 
the sleeve 20 in the sealed micro vial assembly. In the clamped position, the dia- 
phragm 30 covers the mouth 14 of reaction vessel 10 and extends in radial direc- 
tion outwardly of the rim 16. The diaphragm 30 preferably has a radius correspond- 
ing to that of the end plane 21. The rim 16, protruding slightly above the end plane 
21 when the reaction vessel 10 is accommodated in the sleeve 20 as illustrated in 
Fig. 3 and 5, is thus depressed in the lower side of the diaphragm for a sealed en- 
closure of the inner volume 1 T ofreaction vessel 10; The diaphragm 30 is an elastic 
element, preferably having self-sealing properties in order to allow penetration by a 
dispensing means, such as a needle. Suitable materials for a sealing diaphragm are 
well known within the art and need not be farther commented here. Naturally, the 
diaphragm 30 may have a thickness of approximately one or a few millim eters, e.g., 
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and is compressible so that the rim 16 may be depressed in the lower side of the 
diaphragm. 

Reaction vessel 10 is microwave transparent and made for example of glass. The 
sleeve 20 may be produced from any suitable material, such as a synthetic mate- 
rial, or metal, or glass. Preferably, the sleeve is made of a microwave-transparent 
material, such as a polymer material. 

In the present invention, the reaction vessel 10 and sleeve 20 are separate elements 
fixedly secured by the cap 40 and diaphragm 30 as is more closely illustrated in 
Fig. 5. The diaphragm, clamped by the cap to accommodate the rim 16 and sealing 
the open end of the vessel, firmly locates the upper end of the vessel in the end 
plane of the sleeve. 

As is apparent from Fig. 5, the rim 16 has an inner wall or inner perimeter that ex- 
tends transversely to the diaphragm 30. This measure is conceived to provide a 
constant load area in the lower side of the diaphragm that is exposed to pressures 
generated from a reaction in the vessel, and to ensure comparative pressure detec- 
tion results. The inner perimeter of the rim 16 defines a portion of the vessel cavity 
having a first radius n. The first radius portion meets a second portion of the vessel 
cavity having a reducing radius r2, the reducing radius portion smoothly transform- 
ing into a portion of continuous radius r3 defining a reaction chamber of the vessel 
cavity 11. The seat 24 of the sleeve is shaped in order to closely match and support 
the portion of reducing radius r2. 

The above description teaches the elementary features of the new micro vial assem- 
bly, the scope of which is defined by the accompanying claims. 
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CLAIMS 

1. A micro vial assembly for performing microwave- assisted chemical reactions on 
small volumes, the assembly comprising: 

- a micro- wave transparent reaction vessel (10) having an open upper end and a 
closed bottom end; 

- a sleeve (20) having a through hole, and an upper end supporting the upper end of 
the vessel; 

- a cap (40) having a through hole, and 

- a sealing diaphragm (30), 

whereby the cap is secured to the sleeve and clamping the diaphragm for sealing 
the open end of the vessel when the vessel is supported in the sleeve, the cap and 
diaphragm thus securing the sleeve about the vessel and the vessel extending axi- 
ally through the sleeve. 

2. The micro vial assembly of claim 1, wherein the upper end of the sleeve is formed 
circumferentially for engagement with the cap, the sleeve having a first diameter 
portion (Di) running from the upper end to meet a reduced diameter portion (D 2 ) in 
the lower end of the sleeve. 

3. The micro vial assembly of claim 2, wherein the portion of reduced diameter in 
the lower end of the sleeve is a truncated cone. 

4. The micro vial assembly of any previous claim, wherein the upper end of the ves- 
sel (10) is formed with a widening portion (14,15,16) and the upper end of the sleeve 
(20) is formed with an end plane (21), a recess in the end plane of the sleeve (20) 
providing a seat (24) for receiving the widening portion of the vessel. 

5. The micro vial assembly of claim 4, wherein the widening portion of the vessel 
(10) and the seat (24) in the end plane of the sleeve (20) are both conical in shape. 

6. " The micro vial assembly of \any previous claim, wherein the open end of the ves^ 
sel (10) is defined by a rim (16) protruding above the upper end of the sleeve (20) 
when the vessel is supported in the sleeve, the rim being dimensioned to be de- 
pressed in the lower side of the diaphragm (30). 
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7. The micro vial assembly of claim 6, wherein the rim (16) has an inner perimeter 
extending transversely to the diaphragm (30), sealing the open end of the vessel. 

8. The micro vial assembly of claim 7, wherein the inner perimeter of the rim (16) 
defines a portion of the vessel cavity having a first radius rl, said first radius por- 
tion meeting a second portion of reducing radius r2, the reducing radius portion 
smoothly transforming into a portion of continuous radius r2 defining a reaction 
chamber of the vessel cavity. 

9. The micro vial assembly of any previous claim, wherein a bottom of the vessel 
(10) is formed through a radial compression (12) of the vessel, located above the 
terminal end (13) of the vessel. 

10. The micro vial assembly of any previous claim, wherein the vessel (10) has an 
inner volume including a head-space volume which is less than 20 times that of the 
smallest reaction mixture volume contained in the vessel. 

1 1. The micro vial assembly of any previous claim, wherein the vessel (10) is dimen- 
sioned for performing microwave- assisted chemical reactions on small volumes of 
500 jliI or less. 

12. A system for performing microwave- assisted chemical reactions on small vol- 
umes, comprising a micro vial assembly (10,20,30,40) according to any previous 
claim 1-11. 

13. The system of claim 12, wherein the outer perimeter of the sleeve (20) is dimen- 
sioned for bridging the radial distance between a wall of the vessel (10) and an en- 
trance diameter (D) of a microwave cavity (1) in the system. 

14. The use of a micro vial assembly according to any of claims 1-11 for performing 
microwave- assisted chemical reactions, in particular microwave-assisted organic 
synthesis-reactions. - •* - - • 

15. The use of a system according to any of claims 12- 13 for performing microwave- 
assisted chemical reactions, in particular microwave- assisted organic synthesis re- 
actions. 
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